
California Environmental Protection Agency

 Air Resources Board

PROCEDURE FOR THE DETERMINATION OF C2 TO C12 HYDROCARBONS
IN AUTOMOTIVE EXHAUST SAMPLES BY GAS CHROMATOGRAPHY

Standard Operating Procedure No. MLD 102 / 103
Revision 2.0

September 1996

Organic Analysis Section
Southern Laboratory Branch

Monitoring & Laboratory Division
9528 Telstar Avenue
El Monte, CA 91731

This procedure has been reviewed by the staff of the Air Resources Board and approved for
publication.  Approval does not signify that the contents necessarily reflect the views and policies
of the Air Resources Board, nor does the mention of trade names or commercial products
constitute endorsement or recommendation for use.



SOP No. 102/103 - PROCEDURE FOR THE DETERMINATION OF C2 TO C12
HYDROCARBONSIN AUTOMOBILE EXHAUST SAMPLES

BY GAS CHROMATOGRAPHY

Effective September 1, 1996 Revision 2.0 Page 1

1 Introduction

1.1 This document describes a method of analyzing, by gas chromatography (GC), C2  to C5

(light-end) hydrocarbons and C6 to C12 (mid-range) hydrocarbons, in the range of 20 to
10000 parts per billion carbon (ppbC), from automotive source samples.  It is derived
from the Air Resources Board Methods 1002 and 1003 (Ref. 9.1).  This method does not
include sample collection procedures.

2 Method Summary

2.1 This procedure uses two gas chromatographs (GCs), one (the light-end GC) for analyzing
C2 to C5 hydrocarbons and the other (the mid-range GC) for analyzing C6 to C12 

hydrocarbons, each with its own automated cryogenic preconcentration system (cryotrap).

2.2 For routine motor vehicle exhaust testing, the vehicle is tested according to the Federal
Test Procedure (FTP, Ref. 9.2), using a dynamometer (dyno) and constant volume
sampler (CVS) to dilute the exhaust for sampling.

2.3 Samples are also received from CVS testing using non-FTP driving cycles,  Sealed
Housing Evaporative Determinations (SHEDs, Ref. 9.2), gas standard cylinders or
canisters, and hydrocarbon-containing samples from other miscellaneous sources.

2.4 The samples are received by the laboratory in Tedlar bags or in stainless steel canisters. 
The sample is injected into the GC by means of the automatic gas phase sampling valve
system. Separation of the sample hydrocarbon mixture into its components takes place in
the chromatographic column. The flame ionization detector (FID) is used for detection
and quantification.

2.5 The hydrocarbon concentrations are determined by integrating the peak areas and using
response factors determined from National Institute of Standards and Technology (NIST)-
traceable standards during calibration.

2.6 The computerized GC data acquisition system identifies the hydrocarbon associated with
each chromatographic peak (Ref. 9.3)

3 Interferences and Limitations

3.1 Any component (e.g., Freon group, Tedlar bag contaminants) present in the sample having
a retention time similar to that of any hydrocarbon being measured is an interferent.
Therefore, proof of chemical identity requires confirmation by other methods and
instrumentation, e.g., gas chromatography/mass spectrometry (GC/MS).
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3.2 To maximize sample integrity, sample bags should not leak or be exposed to bright light or
excessive heat.  Sampling bags must be shielded from direct sunlight to avoid reactions
due to reactive hydrocarbons.  The compound 1,3-butadiene (a light-end hydrocarbon),
most of which is in cold-start exhaust test bag no. 1, is unstable.  Therefore, all cold-start
bag no. 1 samples must be analyzed for the light-end hydrocarbons within 8 hours.  Cold-
start bag no. 2, bag no. 3 and background must be analyzed within 24 hours, although
analysis within 8 hours is recommended.

3.3 The light-end analysis is calibrated with propane.  The propane response factor is used for
all light-end hydrocarbons.  This procedure will introduce an error if the propane response
is not representative of the responses of all other light-end compounds.

3.4 The mid-range analysis is calibrated with benzene or propane (Section 5.2.2.1).  The
benzene (or propane) response factor is used for all mid-range hydrocarbons and ethers,
such as MTBE.  This procedure will introduce an error if the benzene (or propane)
response is not representative of the responses of all other mid-range compounds.

4 Instrumentation and Apparatus

4.1 Tedlar bags, 2 mils in thickness, nominally 5 to 10 liters in capacity and equipped with
Swagelok QuikConnect fittings, are used to contain the samples from the dyno test
facility.

4.2 Two gas chromatographs, VARIAN 3400 or 3600 or equivalent, equipped with gas
sampling valve systems (as described in Ref. 9.3) and FIDs, are connected together by
their sampling lines and electronic start signals.

4.3 The light-end GC uses an analytical column, Al203/KCl PLOT [50 meters (m) x 0.32
millimeters (mm) inner diameter (ID)] and, to prevent water damage to the PLOT column,
a Carbowax WCOT (25 m x 0.53 mm ID) precolumn; the mid-range GC uses a DB-1
WCOT analytical column [40 m x 0.18 mm ID with a 0.4 micron (u) film thickness or 60
m x 0.32 mm ID with a 1 u film thickness].  Precolumns and analytical columns are
purchased from CHROMPACK, Inc., J&W or equivalent.

4.4 A cryotrap of nickel tubing [10" x 1/16" outer diameter (OD), 0.040" ID] is used to
concentrate the sample.

4.5 A PC-based data acquisition system (Varian Star or equivalent) is used to quantitate peak
areas.

5 Reagents and Materials
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5.1 Gases used to support the GC analysis shall be of the following purities:

5.1.1 Helium shall have a minimum purity of 99.9999% and pass through a molecular sieve trap
to ensure purity before entering the GC system.

5.1.2 Hydrogen shall have a minimum purity of 99.999%.

5.1.3 Zero nitrogen shall have a minimum purity of 99.998%.

5.1.4 Ultra-zero air shall have less than 0.1 part per million (ppm) hydrocarbon (as methane).

5.2 Gas standards with concentrations in the range of 100 to 10000 ppbC are used for daily
calibration, daily quality control and linearity/limit of detection (LOD) determinations.

5.2.1 Primary calibration gas standards, purchased from NIST, are used to verify the
concentrations of working standards used for daily calibration.

5.2.2 The working standard is purchased from Scott Specialty or other vendor.

5.2.2.1 The working calibration standard contains at least propane (approximately 3000
ppbC) for the light-end calibration analysis and benzene (approximately 1500
ppbC) for the mid-range calibration analysis.

5.2.2.2 If propane is shown to have a mid-range response factor that is representative of a
broad range of mid-range compounds, propane may be used to calibrate both the
light-end and mid-range analyses.  In that case, the calibration standard would be
required to contain only propane.

5.2.2.3 The concentration(s) of the calibration compound(s) is verified (+ 2%) by
comparison with the NIST standard(s).

5.2.2.3 Additional compounds may be included in the calibration standard for response
factor comparisons, retention time confirmations, etc, if desired.

5.2.3 The quality control gas mixture is also purchased from Scott Specialty or other vendor.

5.2.3.1 It contains at least the following gases:  ethene, propane, n-butane, and
2-methylpropene for the light end analysis (Ref. 9.1, Method 1002, Section 5.6)
and n-hexane, n-octane, n-decane, benzene, toluene, and m- or p-xylene for the
mid-range analysis (Ref .9.1, Method 1003, Section 5.6).

5.2.3.2 These ten compounds are monitored for quality control purposes (Section 8).

5.2.3.3 Additional compounds may be included in the control standard for response factor
comparisons, retention time verifications, etc., if desired.
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5.2.4 Table 1 shows the composition of the calibration and control standard gases in use at this
date.

5.2.5 Figures 1 through 4 show the light-end and mid-range chromatograms of the current
calibration standards.

5.4 Liquid nitrogen (LN2) is used to cool the cryogenic traps and column ovens.

6 Procedure

6.1 The operating conditions for the gas chromatographs are given in Table 2.

6.1.1 Each GC pair may have some deviation of these conditions to optimize the operation.

6.2 Samples in Tedlar bags (or stainless steel canisters) are attached to the gas phase
autosampling valve system and simultaneously drawn through a fixed-volume sample loop
in the light-end GC and through another fixed sample loop in the mid-range GC, with a
vacuum pump [variable, usually at about 300 mL/min for 2 minutes (variable)].  The
volume of the sample loop may vary for each GC, depending on its intended use.  For the
light-end GC it is usually 10 milliliters (mL), nominal, and for the mid-range GC it varies
from 7 to 30 mL

.
6.3 For the light-end GC the sample is eluted through the precolumn and loaded into the

cryotrap; for the mid-range GC the sample is loaded directly into the cryotrap.

6.4 After all the light-end hydrocarbons are eluted through the precolumn, the light-end GC
precolumn is back flushed to prevent the heavy hydrocarbons and water from eluting onto
the analytical (PLOT) column.  Helium is flushed backward through the precolumn out to
vent.  The cryotraps for both GCs are isolated and heated.

6.5 When the cryotrap is heated for a specific time (corresponding to 200oC), the isolation
valve is opened and the samples are injected into the analytical column of each GC.

6.6 As each separated hydrocarbon elutes from the column through the FID, a signal response
(peak) is generated and recorded by the data system.

6.7 The data system generates separate light-end and mid-range reports, each containing the
chromatograms and peak identifications and corresponding concentrations.

6.7 The peak identifications and peak concentrations determined by the data system are
reviewed and, if necessary, corrected using the following procedure and criteria:
(1) the relative retention indices from GC/MS analyses are used to help confirm peak
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identification.
(2) the primary peak identification is determined by the data system, using the

retention times based on reference calibration runs.
(3) the relative peak heights of the sample run ("fingerprint") are matched with the

typical fingerprint seen in the past sample runs.
(4) the relative peak retention times of the sample run are compared with those of the

reference runs; and
(5) any peak with reasonable doubt is labeled ‘Unidentified’.

6.8 After running an extremely "dirty" sample, the analyst may run a blank or flush the
sampling system with zero nitrogen before proceeding to the next sample, as there may be
sample carry-over.

6.9 All peaks identified as target compounds at or above the LOD are reported. 

6.9.1 Target compounds (Ref. 9.1, Appendix 1) which coelute are reported as the major
component as determined by the analysis of several samples by GC/MS or other methods.

6.9.2 An exception to this is m- and p-xylene.  It has been stipulated that two-thirds of the
coeluting peak is m-xylene and one-third is due to p-xylene.  This ration of 2:1 was
developed from GC/MS data and fuel profiles. This ratio is not used for peak identification
and reporting of NMHC; the peak is reported as "m- & p-xylene".  However, this ratio is
used to calculate reactivity (Ref. 9.1, Parts E and G).

7 Calculations

7.1 A single-point calibration is performed daily with a NIST-traceable secondary calibration
standard.

7.2 The hydrocarbon concentrations, in ppbC, are calculated by the data system using an
external standard method.

Sample Concentration  =   
Sample Peak Area

                                         
Response Factor
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7.3 The response factor (RF) is calculated by:

RF  =                 Peak Area of calibration standard component               
          Concentration of NIST-traceable calibration standard component

7.3.1 The light-end analysis is calibrated with propane.

7.3.2 The mid-range may be calibrated with either benzene or propane (Section 5.2).

8 Quality Control

8.1 A blank (pure nitrogen or helium) is run once daily before running the calibration
standard, control standard, and samples.  All target hydrocarbon concentrations from
the blank analysis must be below the LOD before the analysis may proceed.

8.2 One run of the calibration standard is performed per day to generate the response
factors needed for quantifying sample analyses.

8.3 One run of the quality control standard is performed daily.

8.3.1 A quality control chart is maintained for each monitored hydrocarbon compound in the
control standard.  The control charts, used on a daily basis, establish that the method is "in-
control".  The following describes how a typical control chart is constructed:
(1) obtain at least 20 daily control standard results;
(2) calculate the control standard mean concentration and standard deviation for the

monitored hydrocarbon; and
(3) create a control chart for the monitored hydrocarbon by placing the dates on the x-

axis and the concentrations on the y-axis.  Establish an upper and lower warning
limit at two standard deviations (2s) above and below the average concentration. 
Establish an upper and lower control limit at three standard deviations (3s) above
and below the average concentration.

8.3.2 Measurements of all ten monitored hydrocarbon compounds contained in the control
standard must be within the control limits ("in-control") before sample analysis may
proceed.  The results of all control monitored compounds are plotted on control charts. 
Values which exceed three standard deviations above or below the mean are considered to
be "out of control".  Values which exceed two standard deviations above or below the
mean on two consecutive analysis days are also considered to be out of control on the
second day.  If one or more monitored hydrocarbon compounds are out of control, it may
be necessary to inspect and repair the GC, and rerun the calibration and/or control
standards until the control standard criteria are met; when the QC criteria are met, sample
analysis can continue.  Figure 5 demonstrates a typical QC chart.

8.4 A duplicate analysis of one sample bag is performed at least once a day.  The relative
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percent difference (RPD) is calculated for each duplicate run:

RPD (%)  =  Difference between duplicate and original measurements X 100
                  Average of duplicate and original measurements

For each monitored hydrocarbon compound in the control standard, the allowable RPD
depends on the average concentration of the duplicate runs, as shown in the following
table (Ref. 9.1):

Average Measurement for Duplicate Runs 
     

Allowable RPD (%)

1 to 10 times LOD 100

10 to 20 times LOD 30

20 to 50 times LOD 20

Greater than 50 times LOD 15

The results from duplicate analysis must meet the criteria above for all monitored
hydrocarbon compounds in the control standard for Methods 1002 and 1003 (Ref.9.1).  If
the criteria are not met, the sample must be rerun.  If the criteria are still not met, all
sample results for the day from this instrument must be deleted and the samples
reanalyzed.  Figure 6 shows a typical duplicate sample report.

8.6 A multipoint calibration to confirm instrument linearity is performed for the same ten
monitored hydrocarbons as in the control standard (four in the light-end HC analysis, and
six in the mid-range HC analysis).  It is done for new instruments, after making instrument
modifications which can affect linearity, and at least once per year. The multipoint consists
of at least five concentrations, each above the maximum allowable LOD (20 ppbC), about
evenly distributed over the range of expected sample concentration (from about 100 ppbC
to about 10000 ppbC).  Each concentration is measured at least twice.  A linear regression
analysis is performed using concentration and average area counts to determine the
regression correlation coefficient (r).  The r must be greater than 0.995 to be considered
sufficiently linear to ensure the accuracy of the daily one-point calibration.  Figure 7
illustrates a typical multipoint calibration.

8.7 The LOD for the same ten monitored hydrocarbons as in the control standard must be
determined for new instruments, after making modifications which can affect linearity
and/or sensitivity and at least once per year.  To make the calculations, it is necessary to
perform a multipoint calibration consisting of at least four "low" concentration levels, each
above the expected LOD.  The LOD is calculated using the following equation:
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LOD (ppbC)  =  (|b| + (t x s))
    m

where
|b| = the absolute value of the y-intercept, area counts
m = the slope of the linear regression, area counts/ppbC
s = the standard deviation of at least five measurements of the lowest

concentration standard, area counts
t = the t-factor for 99 percent confidence for a one-sided normal (Gaussian)

distribution, dimentionless

The number of degrees of freedom is equal to the number of runs (n) of the lowest
concentration standard, minus one.  An abbreviated t-table is (Ref.9.1):

Degrees of Freedom (n-1) t-values

 4 3.7

 5 3.4

 6 3.1

 7 3.0

8.7.1 The concentration of the lowest standard must be greater than the calculated laboratory
LOD, and not more than five times the estimated LOD.  The maximum allowable LOD for
each compound is 20 ppbC.  The calculated laboratory LOD must be equal to or lower
than the maximum allowable LOD.

8.7.2 All peaks identified as target compounds that are equal to or exceed the maximum
allowable LOD must be reported.

8.7.3 If the calculated laboratory LOD is less than the maximum allowable LOD, SLB may set
its reporting limit at either the maximum allowable LOD or the calculated laboratory
LOD.  The current reporting limit is 15 ppbC.  Figure 8 shows a typical LOD
determination.
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Table 2.  Typical GC Operating Conditions

GC Parameters Light-end GC                     Mid-range GC                     

"Fast" Analysis "Regular" Analysis

Column type Alumina/KCl PLOT DB-1 WCOT DB-1 WCOT

Column size 0.32 mm ID, 50 m 0.18 mm ID, 40 m 0.32 mm ID, 60m

Helium carrier velocity 30 cm/sec at 200oC 2 mL/min at 200oC 30 cm/sec at 200oC

Hydrogen gas flow(for FID) 25 mL/min 30 mL/min 30 mL/min

"Zero" air gas  flow(for FID) 300 mL/min 300 mL/min 300 mL/min

Nitrogen make-up flow 30 mL/min 30 mL/min 30 mL/min

Auxiliary sample valve 150oC 150oC 150oC

Precolumn temperature 40oC N/A N/A

Column temperature 0oC(hold 7 min) -50oC, hold -50oC, (hold 2 min)

5oC/min to 50oC 8oC/min to 170oC 3oC/min to 170oC

10oC/min to 200oC 50oC/min to 250oC 47oC/min to 200oC

hold 15 min End 30oC/min to 250oC

Cryotrap/Injector Program -180oC -180oC -180oC

250o/min to 200oC 250o/min to 200oC 250oC/min to 200oC

Hold for 28 min hold for 28 min hold  for 70 min

Detector Temperature 250oC 300oC 300oC

Detector Attenuation 8 8 8

Detector range 12 12 12

Total analysis time 30 min 35 min 90 min
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 7



SOP No. 102/103 - PROCEDURE FOR THE DETERMINATION OF C2 TO C12
HYDROCARBONSIN AUTOMOBILE EXHAUST SAMPLES

BY GAS CHROMATOGRAPHY

Effective September 1, 1996 Revision 2.0 Page 18

Figure 8


